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A'A--way Electronic Switoh 

by        • 

B.A.I. Ref.   Inst.U.08 

R. H. James 
and 

J.H. Mitchell 

SlMUEf 

This note gives details of a U- way eleotronic switch designed 
for use with strain gauge bridge networks. 

V signals fed into the  switch are presented,   amplified,  at the 
output,  500 time«,per second each,  In recurring succession. 

A, gain control for each channel is provided, maglmgn amplifica- 
tlon in each oase being 1000.       The output nay be applied to the T 
plates of a CRT.       It then appears as U- spots,  if there is no   'time 
base1,  with a vertical displacement between the» which may be  aet as 
desired by h-  'I shift"  controls. 

1 Introduction 
#> 

Although the problem of electronic switching for strain gauge 
work and kindred applications has been under investigation for sons time, 
good switches are  rare  and very  few electronic switches were  available 

eroially in this country before  the war. 

It was therefore found neoeaaary to design and build a four-eray 
eleotronic switoh to neet the following require»« ntai- 

(i)    A flat frequency response from xaro to  a few hundred cycle». 

(11)    Sufficient amplification of a 100 »V.   signal to give full 
CB tube deflection (this requiring about 100 volts) and 

(ill)    dross modulation to be down to at le»-st -40 dB'a. 

probably the most difficult problett in the design of such a 
switch «a« the production of a suitably square pulse-shape for switching. 
A* an overall gain of 1000 is required,  any lade of squareness in the 
pulse la readily shown up.       The usual difficulty of D.C.   amplifiers 
was also encountered,  and a very stable power pack la neoeaaary for 
satisfactory operation. 

^ß s$& dp 
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2 Design Details 

2,1 Tha Circuit anployed - (Refer to Diagram Ho, 1061+}).      The system 
employs basically,  two multi-vibrator»,  one locked to and running at half the 
speed of the other,   to carry out the  switching of aix amplifying valves. 
The  output of the faster multi-vibrator ia applied to the  supresaor grids 
of four input amplifying valveg i,   B,  C and D,   the multi-vibrator »ignal 
on the valves A and C being 190 degrees out of phase with that to B and 
IX 

The  input  signals are passed through gain oontrola and thenoe to 
the oontrol grids of the valve», A,  B,  C and D.       The anode» of valve» 
A and B are oomuoned and also those of valve» C and D.      The ooramoned 
output fro» valve a a and B is passed to the  control grid of a fifth 
valve B and that  from valve» C and D i* passed to oontrol grid of a 
sixth valve J. 

The output from the  slower oulti-ivibrator is fed to the suppressor» 
of valves E and w,  whose snodea are oommoned.       In this anode circuit will 
appear the signals from A,  B,  C and D,  in turn. 

a certain amount of amplification is provided in the acitoh,  the 
remainder being made up by a final amplifying stage,  which also drops 
the mean D.C.   level at its anode  to earth potential,   since its anode ia. 
oonneotod through the load to a positive potential,  and its cathode to 
a negative voltage with respect to earth. 

Suppose now that  the output  is applied to the  "T" plates of a 
Cathode Ray Tube, "to the "I" plate» of which a sweep voltage ia applied. 
Pour lines will appear,   each lino oorrespending to one of the switohing 
alrcults,  and the bias settings will give a *T" shift for each line, 
permitting movement in their relative positions,   the gain  seating» con- 
trolling the  amplitude of the  signal» appearing on these lines.       It has 
been mentioned that  the gain of eaoh of the four channel» to be »witched 
is controlled at the input. The vertical poaitior» of the spot on the 
cathode ray tube for eaoh of the four signal inputs i» controlled by a 
bias,   applied to eaoh of the valve» A,   B,   C and D. 

The  interaction i.e.' the  appearance  of  a signal  on     one  trace, 
while  actually being  applied to another, must be  reduced to a negligible- 
quantity compared with the aoouraqy of measurement.       This has been 
found to be better than 40 dB (lOOil) in amplitude. 

2.2 Dlffioultiea Sioountered in the Design - 
or difficulties wsre encountered in desig: 

as  indicated earlier, 
igru 

The first of these is the necessity to provide a my »quere 
•witching voltage from the multi-vibrator.       Mot only must  ttie top be 
flat, but the sides must be steep,  and it was found that the normal 
multi-vibrator circuit did not give a sufficiently square output.       The 
oirouit has been modified by using pentodes with the  screen grid» as the 
•ulti-vibrator anodes,  the output being.taten from the anode».      This 

gives a marked improvement. 

The  aeoood difficulty la that IXC.   amplification must be 
employed.       If condenser coupling were used,  the effect of en applied 
IXC   signal  to one channel would be. that of changing the mean level of 
aero volts with reaped to earth of the output.      This would result In 
the shifting of all four trace», firing an apparent interaction of the 

The primary difficulty In designing, the IXC   aaajill fj tlli circuits 
that of obtaining sufficient  stability In the E.T.   supply,     »eon 

stabilisation has proved totally inadequate,  and valve stabilisation using 
a battery reference voltage Is now-being employed.       A new method of H.T. 

%®®?BlCT. 'ÜD V 
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stabilisation is also being ovolvod which it in helped will be good to 
one part in 1000, 

J Applioatlon 

When this switoh.is used with strain gauges  and similar 
appliances, no time base  is applied to the  "X" plates,  but the  spot 
movements in tho "Y"  direction are photographed oil'» film moving in the 
"X"  direotion.    A typioal example of the traoe obtained is shown in 
Flat« 11   Fig.l*. 

For all applications so far,  tho highest frequency to be rooord— 
ed is about a hundred oyclo3( and the existing npeeds of tho multi- 
vibrators of 1000 and 500 cyalos/sec.  are adequate,  each of four signal» 
being presented 500 times a sooondL» 

It may, however, ho naoosaary substantially to increase the 
switching frequencies at a later atago, and preliminary experimental wsrk 
has shown that this ia possiblo and s\/itching frequencies .up to S*0 ko 
are attainable.   ?or non-recurring phenomena,  the svrite^-ing frequencies 
must be high in oomparison with the frequencies in the phenomena under 
examination, while for recurrent phonorooua, much higher frequencies than 
the switching frequencies oan be  displayod and a oontinuous "pioture    is 
presontod on the C.R. Tuba v/han i  'time  base'   synchronised to tho signal 
froquenoy is applied to the "X" plates.    First roports on tho use of this 
oquipmont in aircraft stx-uotural investigations are very onoouraging. 

U Ocncl-u:i>'n 

a continuation of this development is the incorporation of the 
switch into a C.R. Tube assembly.    This is rm^v boing undortaXon, and 
will bo roportod on in due oourso. 
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